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1571 ABSTRAcr 

Dihydroxy-terminated capolyformals farmed from 
A. formaldehyde and 
B. a dial comonomer mixture of 

(1) 1,2-bis(2-hydroxyethyl)- 1,2-dicar- 
badodecaborane( 12) and 

(2) a ffuorodiol which is HQCW$F~CF2CF2C- 
W20K HOCH2CF2CF2CF2CF7CH2OH, 
HOCH2CF(CF3)UCFzCF;‘2CF~CH20H. 
HUCH2CF20CF2CF2QC1%2CH20~, 
WOCH2CHz(CF2)2CWzCH20~, 
HOCHzCH2(CF2)4CHzC~20~, 
HOCIT2CW2(CF2)6CH2C~10H, 
HOCH2CH2(CF2)sCW2CH~OH, 
HOC~~CH~(CF~)~~~CI~ICH~~H, or mixtures 
thereof. A fraction of the fluorodiol may be re- 
placed with an equal number of moles of a suitable 
nitrodiol. 

16 Claims, No Drawings 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable amibutes of a patent. No article or advetise- 
ment or the like map use the term patent, or any term 
suggestive of a patent, when referring to a statutory in= 
vention repjstration, For mote specific information on the 
righti associated with a statutory invention registration 
see 35 U.S.C. 157. 
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BACKGROUWD OF THE INVENTIOY 
This invention relates to copoIyfurmals and more 

particularly to cupolyformals containing carborane and 
polyfll.loroalkyl groups, 10 

Previously, carborane based burning rate modifiers 
have been incoqorated in propellant compositions as 
separate species, physkaIly dissolved in the binder. This 
has permitted crystallization and migration of the bum- 
ing rate modifier within the propellant composition and I5 

-gross interfaces with adjoining materials, restiting in 
‘nonuniform distribution of the carborane compound 

I -within the propeflant composition. 
U.S. Pat. No. 3,258,479 discloses the polymerization 

of I ,2-bi@hydroxyethyl)- 1 ,2-dicar- 20 
badodecaborane( 12), BloH &(CH2C&OH)]Z, with 
either 0 1,2-bis(carboxymethy1)-1,2-dicat- 
badodecaboraie(l2), BloHlo[C(CH2COOH)]2 or @I) 
the corresponding acid lhloride, 
B~&Qo[C(CHzCOCI)]z, to form 8 polvester which is 25 
useful in solid rocket propellants. ‘VS. Pat. No. 
3,3 11,593 discloses the reaction of 1,2-bis(2-hydroxye- 
thy!)-1,2ldicarbadodecaboranef 12>, 
B lOel[CIC~2~~2~H)]2, with l,Ldicar- 

‘,badodecaborane( 12) dijsocyanate of a the formula 30 
‘BI$I@(N=C=O)]hd 2 to produce a polyurethane 
which is useful in solid rocket propellants. Because of 
their physical properties, these polymers are not suit- 
able as binders for many solid propellant applications. 
Moreover, the dicarborane content of these polymers is 35 
fixed and can nat be tailored to a variety of applicatiuns. 

It would be desirable in fluoro polymer propellant 
binders to tie down the carborane-based burning rate 
modifiers in a uniform distribution and thus achisve a 
more uniform burning propellant- It would also be de- 41) 
sirable to vary the carborane content of the propellant 
binders in controlled amounts. 

SUMMARY OF THE INVENTION 
Accordhgly, an object of this invention is to provide 45 

new polymeric binders for propellants. 
Another object of this invention is to provide poly- 

Buoroalkyl diol prepolyrners with carborane groups 
bonded to the backbone of the prepolymers. 

A further object of this invention is to provide pro- 50 
pellant compositions with carbotane groups which will 
not migrate ur crystallize out. 

Yet another object of this invention is to provide 
means for tailoring the burning rates of ptopdlant corn- 
posites by varying the carborane content and distribu- 55 
tion in a uniform, predictable manner, 

These and other objects of this invention are accom- 
plished by providing dihydroxy-terminated copofyfor- 
ma1 formed from 
A, formaldehyde and ’ 60 
B. a diol comonomer mixture of 

U) 1,2-bis(2-hydroxyethyl)~ 1,2-dicar- 
badodecaborane(( 12) and 

(2) a fluorodiol selected from the group consisting of 
MXH~CF$F~CF2CH$XI, 65 
HOCHtCF2CF~CF~CF2CH2OW, HOCH2CF(CF- 
J)~CF~CF~CP$H~OH, HOCH2CF20CF- 
20CF&F2CHzOH, HUCH$&(CF92CH2C- 

HOCH2C~2(CF1_)6C~~CH120H, 
HOCH2CH2(CF?,)sCH2CH20H, 
HUCH2CH2(CF2) &H$H#B, or mixtures 
thereof. 

wherein 1,2-bis(2-hydroxyethyl)- 1,2-dicar- 
bad~decaborane( 12) comprises from more than zero 
to less than 50 mole percent of the diol cmrmnm-ner 
mixture with the fluorodiol being the remainder, and 

wherein the terminal functional groups of the copoly- 
formal are hydroxy groups. 

DETAILED DESCRIPTltQY OF THE 
PREFERRED EMBQDIMENT 

The polymers of the present invention are prepared 
by the poiycondensation of 1,2-bis(2-hydroxyethyl)- e 
l,Zdicarbadodecaborane( 12) and a fluorodiol with 
Formaldehyde in sublane with a boron trifluoride eth- 
crate catalyst. The resulting carborane and fluoro ma- 
nomeric units will be distributed more or less randomly 
in the polymeric chain with formal (--OCH20-) link- 
ages between monomeric units, Due to the absence of 
side reactions in the propagation and termination steps 
of the pafymcrization reaction, the copolyforrnals de- 
scribed here are nearly 100 percent difunctional and 
exclusively terminated by hydroxy groups. This charac- 
teristic is useful because it results in reproducible curing 
in castcurable compositions, and because it per&s the 
synthesis of well-defined block copolymers. The carbo- 
rane units are fairly uniformly distributed in selected 
concentrations and are bonded to the backbone of the 
copolyforrnal and thus will not migrate. 

The carborane containing monomer used in the copo- 
lyformals of this invention is 1,2-bis(2-hydroxyethyI)- 
1,2-dicarbadodecaborane( 12) which is also called 1,2- 
diethanol- 1,2-dicarbadodecaborane( 12) and which has 
lhe chemical abstracts identification number 
23810-37-9. R. P. Alexander et al in U.S. Pat. No. 
3,15&W entitled “Organoboron Alcohols and their 
Preparation,” disc&e methods of preparing this alco- 
hol, herein incorporated by reference. The patent also 
discloses the 3 dimensional structure of the dicar- 
badodecaborane alcohol. In this specification the shott- 
ened formulas B~oH~&(CH~CH~~H)]~ or 

HOCH$XI$,- C-CH2CHtOH / 

\/ 
0 

hOHI 

will be used to designate 1,2-t&(2-hydruxyethyl)- 
LZdicarbadodecaboranef 12). 

The dihydroxy-terminated fluorodiols which may be 
used in the diof comonomer mixture include 
(I) 2,2,3,3,4,4-hexafluoropentane-1,5-dial, 

HQCH2CFzCFZCF2CI-120H; 
(2) 2,2,3,3,4,4,5$octafIuorohexane- 1,6-dial, 

~OCH2CF2CF2CF2CF2CH20H; 
(3) 2,4,4,S,5,6,6-heptafluoro-2-triflu&omethyl-3- 

oxaheptane- 1 J-dio1, HOCH?CF(CF- 
3)UCF~CF2CF2CH20H; 

(4) 2,2,4,4,5,5,7,7-octafluoro-3,6-diuxaoctane-1 ,%diol, 
HaCH2CF20CF2CF;OCF2CH20H; 

(5) 3,3,4,4-tetrafiuorohexane- l,CdioI, 
HOCH2CH2(CF2)2CH2CH20H; 

(6) 3,3,4,4,5,5,6,6-octafluorooctane-1,8-dial, 
WOC~2CH?,(CF2)4CH2CH20~; 
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(7) 3,3,4,4,5,5!6,6,7,“1,8,8-dodecafluorodecane-1, IO-dio1, 
~OCE-I2C~~(CF2)6CH~C~2~~; 

(8) 3,3,4,4,5,5,6,6,7,7,&,x,9,9,10, N-hexadecafluorodo- 
&cane- 1,l Z-dial, HOCN~CH~(CF~)~CHZCH~OH; 

(9) 3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,12,I2-eico~- 
fluorotettadecane- I, 14-dial, 
HOCH;ICH~(CF~) toCHKH20K: 
or mixtures thereof. 
1,2-bis(Z-hydroxyethyl),1,2-dicarbadodccaborane( 12) 

c~mprix~ from more than zero to less than SO, pcefera- 
bly from more than zero to 30, more preferably from 1 
to 20, ad still more preferably from 5 to 10 xnok pcr- 
cent of the dial comonomer mixture, with tile fluorodiol 
comprising the remainder. Again, the monomeric units 
pruduced from these dials will be randomly distributed 
in the co@yformaI chain with furmaI (--OCH+-) 
links between dial monomeric units. The copolyformal 
is treated to convert termi& hemifotmd (-CH2OCH- 
&El) groups into terminal hydroxy groups -CH$XI. 
For example this ~3x1 be done with Hz02 as illustrated in 
the ~XUI@S. T&s treatment improves the stability of 
the end groups and the stability of the polymers. 

The cqmlyformals of this invention can be modified 
by replacing from more than zero to less than 50, and 
preferably from 10 to 30 percent of the fluorodiol with 
an equal number of moks of a nitrodio1 which is: 
(1) 3-nitro-3-azapentane-I,S-diol, HOCH$H2N- 

(NO2)C&CW50H; 
(2) 3,5,5-trinitro-3-azaheptane-1,7-dio~, HUCHQQN- 

~Oz)CHZ,C(NO2)2CWzCHzOH; 
(3) 3,6-dlIlltro-3,6diazaoctane- I, 8-dial, HOCH2C&N- 

(N02)CH2CHz~(~Oz)C~zCHzOW; 
(4) 2,2,8,8-tetranitro-4,6dioxanonane- 1,9dioI, 

HOCH2C(NQ2)2CHz0CH2OCH2C(NO2)2CH20~; 
(5) 3,5,li,l-tetranilro-3,7-diazanon~e-~,9-diol, 

WQCH~CHZN(N~~)CH~C~~~)~CH~~~ 
(NQ)CH2CH20& 

0 3,3,5,7,7-pentanitro-S-azanonane-1,9-&l, 
HOCH2CH2C(N02)2CH2N(N02)CH2C- 
(N02)2CH2CW20H; 

(7) 4,4,10, IO-retranitro-6,8-dioxatridecane~ 1,13-diof, 
HOCH~CH2CH;?C(NO2)2CH2OCII2OCH2C- 
(NO&C&CH2CH$H; 

(8) X,5,5,1 I,1 1, I3-hexanitro-3,13-diaza-7,9-dioxapcnta- 
decane- 1,I Lsdiol, HOCH2CH2N(N02)CH~C- 
(NO~)~CHZUCH~~CW~C(NN~~)~CH~N(NU~)CH~C- 
&OH: or mixtures thereof. Preferred among these 
nitrudiols afe HOCH2CH2N(NQ2)C~2CH2N- 
(NQ2)CH2CH2QH, HUCH~CW~N(NQ$ZHzC- 
(N0~)2CK~N(NU2)CH2CH2UEI, HQCM$(NQ2)$- 
I-I2QCH20C~5C(N02)2CH2Q~, or HOCH2CH2N9 
(N02)C~2C(N02)2C~20CHzUC~2C(N02)~CH2N’ 
(NCMCHzCH2UH; 
Examples I through 3 illustrate the conditions for 

preparing the copolyformals of this invention. The 
plycondensation of mixtures of the 1,2-bis(2-hydroxye- 
thy&lJdicarbadodecabrane( 12) and fluorodiol with 
formaldehyde is accomplished at room temperature in 
sulfolae with a boron ttifluoride etherate catalyst. The 
Byron trifluoride etherate is added slowly to a mixture 
of the fluorodiol, formaldehyde, and sulfolane to pre- 
vent overhearing. After completion of the reaction, the 
copolyformal is isolated as described in the examples. 
The same procedure is used when a minor fraction of 
the fluorodiol is replace with a nitrodiol as discussed 
above. 

The copolyformals of this invention preferably nave 
a number average motecu’iar weight Of from about loo0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
to about 4ooo and mare preferably from Zoo0 to 3ooO. 
The, average molectiar weight may be adjusted by 
varying the stoichiometry (ratio of formaldehyde to 
dials) and reaction conditions (amount of BE3 etherate 
and solvent, temperature). 

The general nature of the invention having been set 
forth, the folhwhg examples are presented as specific 
illustrations thereof. It will be understood that the in- 
vention is not limited to these specific examples but is 
susceptible to various modifications that will be recog- 
nized by one of ordinary skill in the art. 

EXAMPLE I 
Poly (2,2,3,3,4,4,5,5,-octafluorohexane- 1,6,-diol 

fum&co- 1,2-his . 
(Z-hydroxyethyl)-1,2-dicarhadodecabcrane (12) formal) 

Under a nitrogen blanket, I.388 g (5.3 mmol) of 
2,2,3,3,4,4,5,5-octafluorohexane- 1,6-dial and 0.140 g(O,6 
lTUTlO1) Of 1,2-bis(2&ydraxyethyl)- 1,2-dicar- 
badodecaborane(l2) were dissolved in 1,s mL of dry 
(4A molecular sieves) sulfolane with slight warming. 
After cooling to room terpperature, 0.201 g of trioxane 
(formaldehyde) was added followed by dropwisc addi- 
tion of 0,6 mL of BF3 etherate The mixture was stirred 
15 haurs at 20” C., diluted with 15 mL of dichlorometh- 
ane and t&rated with 20 mL of water and 0.75 mf of 
30% aqueous H2Oz for 3 hours. The organic phase was 
stirred with 20 mL 1% aqueous KOI-I+0.4 mL 30% 
H202 for 3 hours, washed with 15 ml, of brine, and 
freed from salvent in vacua (60” C,). The resulting resin 
was triturated with 30 mL portions of water at 40” C. 
until no sulfolane could be detected by NMR (proton 
spectrum, Varian 390 90 MHz instrument). The poly- 
mer was finally redissolved in dicfiloromethane, the 
solution stirred with a small amount of silica gel (Kiesel- 
gel 60) overnight, filtered, and evaporated. Obtained 
was l,:! g of a colorless resin (75% yieid). The polymer 
had MN= 2074, M W= 3642. 

EXAMPLE 2 
The procedure of example 1 was repeated using a 

80:20 molar ratio of 2,2,3,3,4,3,5,5-octafluorohexane- 
1 ,Gdiol to 1,2-bis(Z-hydroxyethyl)ll,2-dicar- 
badodecaburanet 12). The yield 

was 75%, the & was 1702, and the glass transition 
temperature (TG) was -4U~ C. 

EXAMPLE 3 
The procedure of example 1 was repeated using a 

65:35 molar ratio of 2,2,3,3,4,4,5,5eoctafluorohtxane- 
1 &diol to 1,2-bis(2-hydroxyethyI)- 1 Jdicar- 
badodecaborane+ The yield was 75% and the 
MN= 1885. 

Obviously, numerwus modifications and variations of 
the present invention are possible in light of the above 
teachings. It is therefore to be understood that within 
the scope of the appende4claims the invention may be 
practiced otherwise than as specifically described 
herein. 

We claim: 
1. A dihydroxy-terminated copolyformal formed 

fr0m 

A. formaldehyde and 
8. a dial comonomer mixture of 

(0 1&bis(&hydroxyerhyl)- 1,2-dicar- 
badodecaborane( 12) and 
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(2) a fluorodiol selected from the group consisting of 
WUCH2CF2CF~CF2CH20H, 
HOCH2CF2CF$F$F2C&UH, HOCHJCF(CF- 
J)OCF$F~CF~C&UH, HOCW$F~0CF~C- 
FzOCF~CH;?OH, HUCH2CH2(CF2)2CH2C~~OH, 5 
~~~~~~~~~~~~~~~~~~~~~~~ 
HUCH2CH2(CF2)sC~2CHzOH, 
HOC&C&(CF&CH2CH2UH, 
HW&C&(CF~) &HzCH20H, and mixtures 
thereof, 10 

wherein 1,2-bis(2-hydroxyethy1)- I ,2-dicar- 
badodecaborane( 12) comptises from more than 
zero to less than 50 III& percent of the dial CO~O- 
namer mixture with the fluorodiol being the re- 
mainder, and 15 

(2) the remainder of the dial comonomer mixture is a 
fluorodiolInitrodio1 mixture of 
(a) a fluorodiol which is HOCH2CF$F&ZF2C- 

&OH, HOCH2CF2CF2CF2CF~CH2~~, 
HOCH~CF(CFJ)OCF~CF:!CF$X~~H, 
WOCHaCF7,0CF2CF20CF7_CH2QW, 
HOCH~CH~(CF~)~CH~CHZOH, 
~OCH2CH;2(CF2)4CH2C~2UH, 
HOCH2CH2(CF2)6CH?_CH20W, 
HOCH2CH2(CF2)8CH2CH2OH, 
HOC&CH2fCF2) &H2CN2OH, QC mixtures 
thereof, and 

* wherein the terminal functional groups of the copoly- 
.- formal are hydroxy groups. 
-’ . 2. The capolyformal of claim I wherein 1,2-bis(2- 
hydroxyethyl)- 1,2-dicarbadodecaborane( 12) comprises 
from more than zero to 30 mole percent of the dial 20 
comonomer mixture witfi the fluorodiol being the re- 
mainder . 

3. TIE copolyformal of claim 2 wherein t,2-bis(Z- 
hydroxyethyl)- 1,2-dicarbadodecaboranei 12) comprises ,s 
from more than zero to 20 mole percent of tix dio1 3 
cumonomer mixture with the fluorodiol being the re- 
mainder. 

(b) a nitrodiol which is fTOCH2CH2N(NOz)C&C- 
HZOH, HUCH2CH2N(N@)CH2C- 
W2)2CH2CH2QN HOCH2CW2N- 
(NOa)CEI2CH2N(~02)CEIzCH20H. HOCH~C- 
(NO2)zCH20CHzOCH2C(PI;O2)rCHzO~, 
HUCH2CW2N(NU2)CH2C(NO2)2CK2N- 
(N02)CfI2CH#H, HOC&CHyZ- 
(rJ02)2Cfl2N(N02)CH2C(~~~)zC~2C~2U~, 
HOCH2CH2CH2C(N02)2C~2~~~2~C~~~- 
(NO2)2CW2CW2CH~OH, HUC&CHlN- 
(N02)CH2C(NOa)2CH2~C~2UC~~C- 
(NU~)~CH~N(NUZ)CH~CH~~H, or mixtures 
thereof, 

I 4, The copolytbrmai of clakn 3 wherein l,Lbis(2- 
hydroxyethyl)-1,2-dicarbadodecaboranet 12) comprises 3O 
.from more than zero to 10 mole percent of the dial 
&monomer mixture with the fIuotodio1 being the re- 
mainder. 

wherein the nitrodiol comprises from more than zero 
to less than 50 mole percent of the fIuorodioI/ni- 
trodiol mixture witfi the fluorodiol comprking the 
remainder. 

S.-The copolyformal of claim I wherein the flurodiol 
is EKXX~CF2CF&F~CH20H. 

6, TIE cupolyformal of claim I wherein the 
35 

fIuorodiol is HOCH2CF2CF2CF2CF2C~2U~. 
7. The capoIyforrna1 of claim 1 wherein the 

fluorodiol is HOCH2CF(CFs)OCF2CF2CF7_CH20H. 
8. The copolyfomal of claim 1 wherein the number 4~ 

average molecular weight of the copolyfurmal is from 
about loo0 to about 4oQ0, 

9. The copolyformal of claim wherein the number 
average molecular weight of the copolyformal is from 
zoo0 to 3oo0, 45 

10. A dihydroxy-terminated copolyfonnal formed 
from 
A. formaldehyde and 

Il. The copolyformal of claim 10 wherein the ni- 
trodkl comprises from 10 to 30 mole percent of the 
fluorodiol/nitrodiol mixture. 

12. The copolyformal of claim 10 wherein the ni- 
trodiol is‘ f-rOCH2CN2N(N02)CH2CH2N(N02)CH~C- 
H20f-C ~QCH~CH~N(N~~)CH~C(~O~)ZCH~N- 
(N02)CH2CH20H, HOC&C(N02)2CH~OCH- 
20CHzC(NOz)$Hhd 2UH, QI: 
HUCHzCHz~(N2)CH2C(N01)2CH20CE120CH2C- 
(NOz)2C~Z~(NO2jCH2CH20H* 

13. The copolyformal of claim IQ wherein the ni- 
trodioI is HOCH2CH2N(NU2)CH~CH~~(~~~)CH2C- 
H#L 

X4. The copolyformal. of claim 10 wherein the ni- 
trodiol is HOC~2CH21\I(N02)CH2C(N02)aCH7_N- 
(N02)CHQi20W. 

15. The copolyformal of claim 10 wherein the ti- 
trodiol is HOCH2C(NO&CH20CH$XH~C(N02)2C- 
H2UH. 

B. a dial, comonomer mixture wherein 
(1) from more than zero to less than 50 mole percent 50 

16. The copolyformal of claim 12 wherein the ni- 

of the dial comonomec tixture is 1,2-bis(2-hydrox- 
trodiol is HQCH2CH2r\3(NU~)CW2C(N02)7CWzOCH- 

yethyl)- 1,2-dicarbadodecaborane( 12), and 
20CH2C(NO2)2CHzN(NQ2)CH2CN2QH. 

* * * * * 

. 


